| Patrick M. Krueger, PhD, and Virginia W. Chang, MD, PhD increased mortality, but unhealthy behaviors may nevertheless reduce the effects of stress on mortality. Finally, the null hypothesis implies that unhealthy behaviors will not moderate the stress-mortality relationship.
Our second aim was to examine whether unhealthy behaviors moderate the impact of stress on mortality differently across different socioeconomic strata. The social vulnerability hypothesis suggests that the combination of unhealthy behaviors and high stress levels may be particularly risky among individuals of low socioeconomic status (SES), who might be more vulnerable, or less resilient, to accumulating health risks. 42, 43 Those who are less advantaged "experience multiple threats to their health, with each threat making the other more serious." 43(p302) By contrast, the "Blaxter hypothesis" posits that unhealthy behaviors may be less harmful among those in low-SES groups, precisely because members of these groups already face numerous insults resulting from unsafe housing, work, and neighborhood environments. 44 Improving unhealthy behaviors without ameliorating underlying socioeconomic disadvantages may yield few health benefits. 3, [45] [46] [47] Thus, if unhealthy behaviors increase the relationship between stress and mortality, their influence may be attenuated among low-SES individuals.
METHODS
We used data from the 1990 National Health Interview Survey's Health Promotion and Disease Prevention Supplement, in which in-person interviews were conducted with a nationally representative sample of the noninstitutionalized US population 18 years or older. 48, 49 Data from the supplement were linked to prospective National Death Index mortality data through December 1997 by matching 12 respondent characteristics (Social Security number; first and last names; middle initial; race; gender; marital status; day, month, and year of birth; and state of birth and residence) to death records. 50 We eliminated from our sample records that could not be linked to the National Death Index as a result of missing information on matching characteristics (1.9%), which yielded 40 335 respondents, of whom 3441 had died. Survival duration indicated the number of months between the date on Perceived stress is a negative affective state that individuals may attempt to relieve or cope with through unhealthy but often pleasurable behaviors. [1] [2] [3] [4] [5] [6] [7] [8] [9] High levels of perceived stress are associated with smoking initiation, increased smoking levels, less successful smoking cessation attempts, drinking alcohol more often and in heavier quantities, increased problem drinking, and reports of positive attitudes toward drinking. 4, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Some people exercise to control their stress, 24 but most individuals respond to stress by exercising less frequently and at lower levels because sedentary behavior is more rewarding in the short term. 4, 10, 23, 25 Stress and unhealthy behaviors each increase the risk of death. 15, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] Numerous social stressors and high levels of perceived stress have been shown to be positively associated with mortality. 15, 26 Current and former smoking and physical inactivity are also positively associated with mortality. [27] [28] [29] [30] [31] [32] Alcohol consumption has a J-shaped relationship with mortality; abstainers and heavy drinkers are at increased risk of death relative to moderate drinkers. 29, [33] [34] [35] [36] To our knowledge, no research has examined whether unhealthy behaviors moderate the relationship between stress and mortality. Our first aim in this study was to examine whether unhealthy behaviors moderate the stress-mortality relationship in a nationally representative sample of US adults. There are 3 possible relationships between stress, health behaviors, and the risk of death. First, the "double jeopardy" perspective suggests that multiple risk factors combine to increase the risk of death more than a single risk factor alone would indicate. 37, 38 Smoking, alcohol use, and physical inactivity may be pleasurable but deleterious strategies for coping with perceived stress, and they may inadvertently increase the effects of stress on mortality. 39, 40 Second, unhealthy behaviors may allow individuals to cope effectively with stress. 3, 5, 7, 8, 41 Unhealthy behaviors and high stress levels are each associated with which individuals were interviewed and the date of their death (among those who had died) or the end of the follow-up period (among those who had survived).
Variables and Measurement
We used 2 questions to assess perceived stress. The first asked, "During the past 2 weeks, would you say that you experienced a lot of stress, a moderate amount of stress, relatively little stress, or almost no stress at all?" The second question asked about the "past year" rather than the "past 2 weeks." Participants responded on a scale ranging from 1 to 4. These items captured the subjective dimensions of stress that may affect health behaviors and avoided focusing on specific stressors that might be irrelevant for some people. They have reasonable face validity because they ask directly about stress perceptions, and they have reasonable construct validity in that their associations with mortality and SES are consistent with the associations shown in previous research.
We created a stress index by taking the mean of the 2 items, standardizing the resulting variable so that we could interpret our results in terms of stress index standard deviations, and adding a constant to set the minimum value to 0 so that higher values indicated higher stress (maximum value = 3.2). We created an index rather than including the items separately, because the items were highly correlated (r = 0.71) and each item exhibited similar relationships with the other variables of interest (data not shown).
The Health Promotion and Disease Prevention Supplement asked about current and former smoking levels among individuals who reported that they had ever smoked 100 or more cigarettes. Current smokers were classified according to the number of packs they smoked each day (calculated as number of cigarettes smoked divided by 20). Former smokers were classified according to the number of packs they had smoked each day before they quit. The variables for current and former smoking were coded as 0 for individuals who had never smoked (the referent group).
The drinking variable, scores for which ranged from 0 (including those who abstained) to 12 or more, indicated how many alcoholic drinks respondents consumed on days they drank. We tested different functions for the relationship between drinking and mortality (see Greenland 51 ) by raising the drinking variable to all combinations of 2 of the following powers: 0.5, 1.0, 1.5, and 2.0. Raising the drinking variable to the powers of 0.5 and 1.0 best captured the J-shaped relationship between drinking and mortality, as indicated by improvements in model fit, but our final results were similar across all of the transformations we tested.
We assessed physical inactivity with an index that summed standardized values of 3 items (α = 0.67): whether individuals reported exercising or playing sports regularly (yes or no), how many years they reported having exercised regularly (range = 0-98), and whether they reported being more active than, about as active as, or less active than others their age (range = 1-3). We created an index because each item exhibited similar relationships with stress and mortality. Higher values indicated more inactivity, and we added a constant to give the index a minimum value of 0 (maximum = 4.3). We calculated interactions by multiplying the health behavior variables by the stress index.
We adjusted for socioeconomic and demographic factors that are key predictors of prospective mortality. 32, 52 The years of education variable was continuous and ranged from 0 to 18 or more. Family income was reported in 27 categories ranging from less than $1000 to $50 000 or more. We approximated a continuous income measure by taking the midpoint of categories under $50 000 and estimating a median value of $68 645 for the open-ended income category of $50 000 or more (as done elsewhere 53 ). Family income was divided by 10 000 and logged to account for the diminished impact of each additional unit of income on mortality as income increases. 32 Age was assessed in decades ranging from 1.8 to 9.9 or above. Men were coded as 1 and women as 0. Race/ethnicity categories included non-Hispanic White (the referent), non-Hispanic Black, Hispanic, and "other." Marital status included currently married (the referent), previously married, and never married. We stratified by SES to create 3 groups: low-SES individuals (12 or fewer years of education and an annual family income below $20 000 at baseline), middle-SES individuals (12 or fewer years of education and an annual family income of $20 000 or above or more than 12 years of education and an annual family income below $20 000 at baseline), and high-SES individuals (more than 12 years of education and an annual family income of $20 000 or more at baseline). These cut points were close to the median education (51.9% of the sample had 12 or fewer years of education) and income (41.2% of the sample had a family income below $20 000) values. We used a general 2-category income variable (less than $20 000 per year vs $20 000 or more per year; data were missing for only 1.6% of the respondents) rather than the more detailed family income measure (for which data were missing for 17% of respondents) to minimize error in determining respondents' SES.
Classifying individuals according to both education and income allowed us to identify those who were most and least advantaged according to 2 key SES dimensions. Education is often established early in life, before the onset of age-related poor health, and is associated with future economic resources and knowledge about health maintenance strategies. 54 Family income captures the resources that individuals can access in times of need, is less sensitive than personal earnings to people's bouts of poor health, and is applicable for those who rely on the earnings of others. 32, 52 Analyses that stratified by income only or by education only produced similar but attenuated results (data not shown), probably because they less completely captured socioeconomic advantage or disadvantage.
Statistical Analysis
In the case of most variables, data were missing for fewer than 3% of the respondents, although information on the detailed family income measure was missing for 17% of the respondents. We used multiple imputation to create 5 complete data sets, each with different imputed values for the missing data. 55 The imputed values were drawn from the posterior predictive distribution estimated from variables that were associated with missing data. 56 Multiple imputation assumes that values are missing at random after conditioning on  RESEARCH AND PRACTICE  55, 58 ). Because adult mortality increases exponentially with age, 59 we used Gompertz proportional hazard models to examine the risk of death among adults. 60, 61 The Gompertz model is parameterized as follows:
where a is a constant, x i is a variable in the model, b i is the unstandardized parameter estimate for that variable, and γ is an ancillary parameter, estimated from the data, that indicates the change in the hazard over time.
Hazard of death, given as follows, was the dependent variable:
where P is the probability that death will occur in an interval from t to t + s, given that the individual was at risk at time t. This probability is divided by s, the length of the interval; s becomes smaller until the ratio reaches a limit. On the basis of improvements in the Akaike information criterion, 60, 62 the Gompertz model fit the data significantly better than Cox, Weibull, or exponential models. Nevertheless, all specifications provided virtually identical estimates for the coefficients of interest. In all analyses, the svy commands in Stata were used to incorporate sample weights and estimate standard errors with the Taylor linearized variance estimator that accounted for the stratified, single-stage sampling frame. 49, 63 The Gompertz model estimated γ separately in each of the sample's 62 strata; we do not present these coefficients because they were not central to our analyses. We used the Holm method to adjust P values for the increased probability of making a type I error
when including variables with multiple categories in our multivariate models (as described elsewhere 64 ). Table 1 presents covariate means and proportions by vital status and SES. Individuals who survived the follow-up period had an average perceived stress index score of 1.85 at baseline; decedents had lower baseline stress levels (mean score = 1.42).
RESULTS
Among survivors, current smokers reported smoking a mean of 0.24 packs per day at baseline, and former smokers reported smoking a mean of 0.27 packs per day; among decedents, the corresponding means were 0.25 and 0.48. Means for dichotomous variables were proportions; the proportion of individuals reporting at baseline that they had never smoked was 0.51 among survivors but only 0.39 among decedents. Survivors drank more alcohol and were less physically inactive at baseline than Number of drinks consumed raised to the power of 0.5 and 1.0. *P < .05; **P < .01 (2-tailed).
decedents. Perceived stress scores, former smoking levels, and the proportion of respondents who reported no history of smoking increased with increasing SES, and levels of current smoking and physical inactivity declined with increasing SES. Table 2 presents results from the Gompertz hazard models for the risk of death in the US adult population as a whole. Model 1 included variables for stress, health behaviors, SES characteristics, and demographic characteristics and revealed a positive relationship between perceived stress and mortality. The first hazard ratio shows that a stress index increase of 1 standard deviation was associated with a 5% increase in the risk of death. Among current smokers, each additional pack of cigarettes smoked per day (as reported at baseline) was associated with a 55% increase in the risk of death relative to never smokers; among former smokers, the corresponding increase was 14%.
The number of alcoholic drinks consumed per day exhibited a curvilinear relationship with mortality. Calculations based on model 1 showed that, in comparison with individuals who reported at baseline that they abstained from drinking, those who consumed 3 drinks per day had 0.85 times the risk of death (95% confidence interval [CI] = 0.75, 0.96), and those who consumed 12 or more drinks per day had 1.39 times the risk of death (95% CI = 1.04, 1.85). Physical inactivity at baseline was positively associated with mortality.
Model 2 included interactions between health behaviors and perceived stress in addition to the variables in model 1. The interaction between current smoking at baseline and stress was not significant, but high former smoking levels increased the relationship between stress and the risk of death. Drinking did not moderate the stress-mortality relationship. High levels of physical inactivity increased the impact of stress on mortality.
The note in Table 2 shows that model 2 did not fit the data better than model 1; however, a model (data not shown) that included all of the variables from model 2 other than the interactions between stress and drinking did provide a better fit than model 1 (F 3,86.5 = 2.98, P = .036). Table 3 presents results from Gompertz hazard models stratified according to SES; all models adjusted for age, gender, race/ethnicity, and marital status (coefficients are not shown). The top portion shows that perceived stress at baseline was positively associated with the risk of death among those in the high-but not the low-or middle-SES groups. The coefficient for perceived stress was greater among high-SES individuals than among low-SES (z = 2.42; P = .016) or middle-SES (z = 2.92; P = .004) individuals (methods described elsewhere 65 ). Across all 3 strata, high baseline  RESEARCH AND PRACTICE  Note. All models were also adjusted for age, gender, race/ethnicity, and marital status (parameter estimates not shown). Low SES = 12 or fewer years of education and a family income below $20 000; middle SES = more than 12 years of education and a family income below $20 000, or 12 or fewer years of education and a family income of $20 000 or more; high SES = 12 years of education and a family income of $20 000 or more. The gamma coefficients indicating the change in the baseline hazard of death over the follow-up period within each of the 62 strata of the Health Promotion and Disease Prevention Supplement are not shown. We used the Holm method to adjust P values for the increased risk of type I error associated with conducting multiple tests simultaneously.
a Number of drinks consumed raised to the power of 0.5 and 1.0. *P < .05; **P < .01 (2-tailed).
levels of current smoking and physical inactivity were associated with increased mortality, high former-smoking levels were associated with increased mortality among individuals in the low-and middle-SES groups, and high levels of alcohol use in terms of drinks consumed per day were associated with mortality among individuals in the middle-and high-SES groups. The models shown in the bottom panel of Table 3 also included interactions between perceived stress and the health behaviors assessed. Among low-SES individuals, former smoking and physical inactivity at baseline increased the impact of stress on mortality. The number of drinks consumed per day did not moderate the relationship between stress and mortality. None of the interactions between stress and the health behaviors achieve statistical significance among middle-or high-SES individuals. The final row of Table 3 shows that the model with interactions (bottom panel) fit better than the reduced model (top panel) among low-SES but not middle-or high-SES individuals.
DISCUSSION
With respect to the first aim of this studyexamining whether unhealthy behaviors moderate the stress-mortality relationship in a nationally representative sample of US adultsresults showed that physical inactivity and former smoking at baseline increased the impact of stress on mortality. Our findings are consistent with the "double jeopardy" perspective, according to which multiple risk factors (we focused on perceived stress and unhealthy behaviors; others have examined different risk factors) combine to increase the risk of death more than any of the risk factors in isolation would indicate.
37-40 Engaging in unhealthy but pleasurable behaviors is a poor strategy for coping with high perceived stress 3, 5, 7, 8 because these behaviors may increase stress levels 39, 40 and, as shown here, because they increase the impact of stress on mortality. However, consumption of alcohol did not moderate the stress-mortality relationship.
In terms of the study's second aim-examining whether unhealthy behaviors moderate the stress-mortality relationship differently across different socioeconomic strata-high levels of former smoking or physical inactivity at baseline increased the impact of perceived stress on mortality among low-SES but not middleor high-SES individuals. This result supports the social vulnerability hypothesis: low-SES individuals are especially disadvantaged by the combination of unhealthy behaviors and high perceived stress, possibly because they have fewer resources to maintain their health or effectively cope with stress. 42, 43 By contrast, unhealthy behaviors did not reduce the effect of stress on mortality among low-SES individuals. 3, 44, 46, 47 The support we found for the social vulnerability hypothesis suggests that interventions that help people cope with stress effectively or undertake healthier behaviorsespecially avoiding smoking or increasing physical activity-could benefit low-SES individuals. However, the least healthy behaviors are often found among those with the fewest socioeconomic resources. 3, 21, 26, 45, [66] [67] [68] Interventions that aim to reduce mortality among vulnerable populations might be most effective if they simultaneously target socioeconomic disadvantage, unhealthy behaviors, and ineffective stress management strategies. Additional analyses (data not shown) further bolstered our findings. First, the results in Table 3 were unchanged after adjustment for the detailed income and education variables, and the coefficients for the detailed socioeconomic variables were often nonsignificant. Second, there were age differences in socioeconomic attainment (Table 1) , and older individuals may have had more years of exposure to the risk factors. We ran the models shown in Table 3 separately for respondents aged 19 to 60 years (those who were aged 18 years were still very likely to finish high school, a major stratification criterion) and those 61 years or older and found similar results across age groups.
Strengths and Limitations
The strengths of our study included the use of nationally representative US data incorporating a large number of deaths over a 7-year follow-up period. Multiple imputation methods allowed us to make use of information on variables for which there were no missing data in estimating our models, and these methods relied on weaker (i.e., more plausible) assumptions than the often used method of deleting all observations with missing values on any covariate. 55, 58 In addition, multiple imputation more accurately accounts for uncertainty about missing values than conditional mean or hot-deck imputation methods 55, 57 and is often robust to violations of the assumption that values are missing at random. 69 Our study involved several limitations. First, our perceived stress index has not been used previously. However, the index compared favorably with measures used elsewhere. Table 1 shows that SES and perceived stress were positively associated (see also Heslop et al., 18 Grzywacz et al., 70 and Schieman et al. 71 ), although some research has revealed an inverse relationship between stress and SES. 26 Model 1 in Table 2 showed that perceived stress was positively associated with mortality, as others have found with various health and mortality outcomes, 15, 26, 70 although some research has not shown a relationship between stress and cardiovascular health outcomes. 18 Previous studies have not assessed interactions between stress and health behaviors in the full population or according to SES, the major contribution of our work. Our stress index was not associated with mortality after the inclusion of interactions between stress and health behaviors (Table 2 , model 2), suggesting that stress had the greatest association with mortality among former smokers or more-inactive individuals. There is a need for future work replicating our findings with different data, with alternate stress measures, and for specific causes of death.
Second, our baseline data were cross sectional, and thus we were not able to assess the temporal ordering of stress and health behaviors. Although our data addressed stress over the course of a year and health behaviors often established early in life, individuals' perceptions of stress, behaviors, or socioeconomic status may not be recalled accurately and might change over a follow-up period. Future research could examine the dynamic relationship between perceived stress and unhealthy behaviors over time.
Third, our health behavior variables did not capture all dimensions of the behaviors in question. However, additional analyses (data not shown) excluding former smokers who smoked only occasionally or who had quit in the past 2 months and were likely to resume smoking produced identical results. Furthermore, the number of drinks respondents consumed per day was a better predictor of mortality than was number of days they had consumed alcohol in the preceding 2 weeks or total number of drinks they had consumed in the past 2 weeks. The increased mortality among abstainers persisted after exclusion of those who abstained for health reasons or because they were alcoholic.
Finally, although our data did not include objective measurements of physical activity, our index allowed us to distinguish between individuals who were the most active and those who were the least active. Importantly, according to the results of previous research, our health behavior measures were associated with mortality in the expected direction.
Public Health Implications
Stress and unhealthy behaviors are types of disadvantage that reduce survival most among those with the fewest socioeconomic resources. 37, 38 Not only do they have independent relationships with mortality, but stress, unhealthy behaviors (especially former smoking and physical inactivity), and low SES combine to increase mortality and to form a truly disadvantaged segment of the population.
